Abstract-The China Mobile Multimedia Broadcasting (CMMB) standard is the major standard in China for mobile multimedia broadcasting. It has been proved that the MIMO technology can increase the channel capacity remarkably comparing to traditional CMMB systems. However this technique plays a small role on the signal interference between multi-users. So the Tomlinson-Harashima precoding(THP) technology is introduced in the paper. The principle of the algorithm is elaborated for multiple-antenna and multi-user systems.The performance of CMMB-MIMO system with zeroforcing precoding is also analyzed on both channel capacity and BER in detail. As is shown in simulation results, the performances are better than those of conventional CMMB system after precoding algorithm is involved.
I. INTRODUCTION
The China Mobile Multimedia Broadcasting (CMMB) standard is the major standard in China for mobile multimedia broadcasting [1] . Up to now, the signal coverage rate of CMMB network has reached more than 98% in China. In order to adapt to the limited bandwidth of wireless channel, MIMO and Orthogonal Frequency Division Multiplexing (OFDM) modulation technology are introduced in CMMB system [2] .MIMO utilizes multiple antennas to provide spatial diversity and multiplexing so as to obtain higher channel capacity, transmission reliability and spectral efficiency compared with traditional SISO system. While the original data can only be restored through complex detection techniques in MIMO system due to the inevitable interference existing among multiple data stream or users. Different from the MIMO detection performed at the receiver, precoding techniques use the channel state information to adjust the transmission strategy at transmitter to suppress the multiuser interference in MIMO channel ,improve the channel capacity and reduce the processing complexity of the receiver, which makes precoding techniques become the key factor in achieving multiplexing and diversity gain [3] . So THP technology is applied to the CMMB-MIMO system here. The performance about bit error rate and channel capacity of the new system are analyzed at the subsequent section and the last section shows simulation results of the CMMB -MIMO System with THP technology.
II. SYSTEM MODEL MIMO channel has been described first in this section and THP scheme for multi-user CMMB-MIMO systems is discussed subsequently.
A. CMMB-MIMO Channel model
We consider a multi-user MIMO system with N T transmit antennas and K users,each user has N R receiver antennas . It is assumed that between each transmit and receive antenna a flat fading channel is present. The fading channel matrix H is independent, and identically distributed zero-mean complex Gaussian random variables with unit variance. Fig. 1 shows the channel model for the each user [4] . After channel coding, we use constellation mapping to map the bits into symbols with amplitude and phase information that are easy to modulate and transmit. Then we make the symbols joint together to form OFDM symbols in the frequency domain [3] . In allusion to these OFDM symbols, we use Alamouti coding structure and employ the same OFDM modulation for both the source and the encoded signals respectively. As far as x i (i=1,2,…n T ) is concerned,is the sending signal of the ith transmit antenna. And r j (j=1,2,…n R ) is the receive signal of the j-th receive antenna.Their relation can be presented by
R=HX+N
(1) Where N=[N 1 ,N 2 ,…,N nR ] is the noise vector at receivers with independent elements. It can be found that multi-user interference to the receiver signal would be inevitably introduced. Therefore, how to eliminate the interference become a severe matter.
B. CMMB-MIMO THP
The block diagram of THP for multi-user CMMB-MIMO system is shown in Fig.2 . nR×nT is the channel model of kth user's. P k ∈C nR×nR is the predisposing matrix of kth user's.n K ∈C nR×1 is the Gaussian white noise vector at receivers of k-th user [4] . Transmitter-based feedback matrix B∈C nT×nT is used to eliminated the interferences between users,receive signals z k ∈C nR×1 .The transmitted symbols d K are successively calculated via the modulo arithmetic feedback filter. As to16QAM modulation, the result of modulo arithmetic∈ [-4 ,4] ,such that a transmit signal has smaller power. At the receiver, which applies the same modulo operation as that at the transmitter, is used. It is assumed that for H to be known perfectly at receiver and transmitter , H is the channel matrix, defined as (2)
It should be factorized through QR decompisition
,where R is an upper triangular matrix ,and r ii ( i=1,2,…n R )is the diagonal elements of R,Q is a unitary matrix.The relations between F,B and R,Q are presented as follows [5] :
G= diag(1/r 11 ,1/r 22 ,…)
At receiver side the received signal for transmission is expressed as
Where P is a block diagonal matrix, P =diag(p 1 , p 2 ,..., p K ),where p K is the eigenvector of k-th maximum eigenvalues of matrix
. Here P is taken as an identical matrix.
According to (4) to (7),the received sigal fo each user can be expressed by
Where Gn n = denotes the filtered channel noise.
At last, the received data can be expressed as
Therefore TH precoding can effectively eliminate multiuser interference and improve the system throughput.
III. Channel Capacity of THP CMMB system
The channel capacity of CMMB system with TH precoding can be calculated as follows. From the block diagram shown in Fig. 2 , at the transmitter, the estimated channel can be expressed as:
QR decompisiton is preformed for Ĥ and (10) 11) where
is the difference between the estimated channel and the original channel [6] . Then we define Rayleigh Fading channel is commonly used as a reference channel model for performance analysis of MIMO systems due to its simplicity. Given that the MIMO system under study is 4×4, and there are 4 users.
Then, the result comparison of the channel capacity of THP and conventional CMMB-MIMO system is presented as follows. As shown in Fig. 3 , the channel capacity of THP is better than that of CMMB-MIMO system when SNR is low. But when SNR is high, the difference between two schemes is gradually small with SNR increasing. There are two reasons about this case, firstly obtaining channel state information plays a small role on channel capacity. Secondly THP algorithm results in some capacity damage due to the waveform of receivers. As described in Section II, the performance of THP is determined by the minimum absolute diagonal elements of matrix R. The comparison of BER performance is shown in Fig. 4 . The performance of BER is improving greatly using THP technology than that without it, especially on high SNR. And the gap between two schemes widens with SNR increasing, which mainly because TH precoding can effectively eliminate multi-user interferences .
V. CONCLUSION
In this paper, THP technology is introduced in CMMB -MIMO system. At the following sections, the principle of force-zero THP is demonstrated for multiple-antenna and multi-user system, and the performance on channel capacity and BER of the new scheme are analyzed. Finally through the computer simulation, we can draw a conclusion that compared to the conventional CMMB system, the new scheme has obvious advantage on both aspects.
